chains in their molecules. The side chain is important because it acts mutually with a lipid and appropriate hydrophobic is necessary. Action of these compounds on Fe 3ϩ -ADP induced lipid peroxidation reaction was then examined using rat liver microsome. 16) Thus, the amount of lipid peroxide formed through induction with ADP/Fe 3ϩ in rat liver microsome was determined as the amount of malondialdehyde using the reaction with 2-thiobarbituric acid (TBA), and the inhibition percentage was calculated against the control.
17)
Compounds 3a-i were examined using 2,6-di-tert-butyl-pcresol (BHT), a widely used antioxidant, as the positive control. As shown in Fig. 2 , the compounds with an odd number of methylene groups and 3a exhibited a strong activity and the value of IC 50 for 3b that had the highest activity was 3.8ϫ10 Ϫ7 M. In contrast, 3c, 3e, 3g, and 3i were found to be less active than the positive control.
Raison and Standen reported that symmetrical diaminophenylalkanes have a schistosomicidal activity, and that there is a difference in the activity between the compounds with an odd number of methylene groups and those with an even number, as in our case. 18) Molecular simulations (MM2 calculations) were then performed on 3a-i to determine their steric structures. The results obtained for 3b-e are shown in Fig. 3 . Two benzene rings face each other in 3b and 3d which have an odd number of methylene groups, while they are located apart from each other and have the most stable state in 3c and 3e that have an even number of methylene groups.
The following mechanisms are generally possible for the action of antioxidant: 1) free radical capturing action, 2) singlet oxygen depleting action, and 3) metal chelating action. Vitamins C and E develop their antioxidant activity through the first mechanism while the second and third mechanisms work for carotenoids and flavonoids, respectively, when they develop the activity.
To check the above inference, evaluations were made of the antioxidative activity of the compounds by another method using a,a-diphenyl-b-picrilhydrazyl (DPPH), a stable radical, proposed by Blois. 19) This agent is often used in ESR measurements and is a stable crystalline radical. The color of ethanolic solution of DPPH is purple and it fades away when the radical is reduced. Figure 4 shows the reduction percentage 3 min after addition of inhibitor to the ethanolic solution for the compounds. No appreciable change in the activity with the length of side chain was observed for compounds 3a-i which have two phenolic hydroxyl groups, in contrast to the change shown in Fig. 2 , since the reducing activity against DPPH develops mainly through radical capturing action of the phenolic hydroxyl group.
This suggests that compounds 3a-i develop their antioxidative activity by mechanisms 1) and 3). Compounds, 3b and 3d in which two benzene rings face each other would be highly active because of their strong chelation with Fe.
Separately, Fe 3ϩ -ADP induced lipid peroxidation inhibiting activity was examined for 4-alkoxy-2,3,6-trimethylphenols (4a-i) having one trimethylhydroquinone moiety in their molecules. The compounds exhibited the activities shown in Fig. 5 where 4f, 4g, and 4h exhibited the strongest activity with no remarkable difference among then, in contrast to that of 3 in Fig. 2 . This would imply that the steric structure for 3a-i changes with the length of side chain because they have two phenolic hydroxyl groups and among them the compounds with two benzene rings facing each other (3a, 3b, 3d, 3f, 3h) exhibit a high activity since their From what has been mentioned so far, Fe 3ϩ in liver microsome is considered to be localized to a certain extent, instead of being uniformly distributed over a wide area, since the compounds with a structure in which Fe 3ϩ is enclosed by benzene rings had a strong activity.
5-LO inhibiting activity was then examined in the compounds. 20) As shown in Fig. 6 , they exhibited an activity stronger than that of nordihydroguaiaretic acid (NDGA), 4) the positive control, with that of 3e being the strongest. Bell et al. classified compounds that inhibit 5-lipoxygenase into three types, 1) substrate analogues, 2) compounds with radical scavenging activity, and 3) chelating agents of Fe, the active center metal of 5-LO. 21 ) Here, compounds 3a-i are suggested to develop their activity as 2) and 3) because they have phenolic hydroxyl groups. 3d showed a strong activity in both antioxidative action and 5-LD inhibiting action. Novel Synthesis of 1,3-Bis(4-hydroxy-2,3,5-trimethylphenoxy)propane (3b) and 4-(3-Hydroxypropyloxy)-2,3,6-trimethyphenol (4b) Trimethyhydroquinone (1) (5.00 g, 32.85 mmol) and 1,3-propanediol (2b) (7.50 g, 98.57 mmol) were dissolved in 35 ml of toluene and the solution was refluxed at 130°C for 5 h after addition of phosphomolybdic acid (1.00 g). The solvent was then removed from the reaction mixture by evaporation under reduced pressure and the residue was treated by silica gel chromatography (CHCl 3 -AcOEt, 10 : 1). Compounds 3b (1.08 g, 3.14 mmol, 10%) and 4b (4.61 g, 21.94 mmol, 67%) were obtained by recrystallization from methanol and nhexane-ethyl acetate, respectively. 5-Bis(4-hydroxy-2,3,5-trimethylphenoxy)pentane (3d)  and 4-(5-Hydroxypentyloxy)-2,3,6-trimethylphenol (4d 
Synthesis of 1,6-Bis(4-hydroxy-2,3,5-trimethylphenoxy)hexane (3e) and 4-(6-Hydroxyhexyloxy)-2,3,6-trimethyphenol (4e)
Trimethylhydroquinone (1) (1.00 g, 6.57 mmol) and 1,6-hexanediol (2e) (2.33 g, 19.72 mmol) were dissolved in 10 ml of toluene and the solution was refluxed at 130°C for 3 h after addition of phosphomolybdic acid (0.40 g). The solvent was then removed from the reaction mixture by evaporation under reduced pressure and the residue was treated by silica gel chromatography (CHCl 3 -AcOEt, 10 : 1). Compounds 3e (0.20 g, 0.52 mmol, 8%) and 4e (1.00 g, 3.99 mmol, 61%) were obtained by recrystallization from n-hexane and nhexane-ethyl acetate, respectively. Synthesis of 1,7-Bis(4-hydroxy-2,3,5-trimethylphenoxy)heptane (3f) and 4-(7-Hydroxyheptyloxy)-2,3,6-trimethylphenol (4f) Trimethylhydroquinone (1) (1.00 g, 6.67 mmol) and 1,7-heptanediol (2f) (2.61 g, 13.14 mmol) were dissolved in 10 ml of toluene and the solution was refluxed at 130°C for 4 h after addition of phosphomolybdic acid (0.25 g). The solvent was removed from the reaction mixture by evaporation under reduced pressure and the residue was treated by silica gel chromatography (CHC 3 Synthesis of 1,8-Bis(4-hydroxy-2,3,5-trimethylphenoxy)octane (3g)  and 4-(8-Hydroxyoctyloxy)-2,3,6-trimethylphenol (4g) Trimethylhydroquinone (1) (5.00 g, 32.85 mmol) and 1,8-octanediol (2g) (14.41 g, 98 .56 mmol) were dissolved in 35 ml of toluene and the solution was refluxed at 130°C for 3 h after addition of phosphomolybdic acid (1.00 g). The solvent was removed from the reaction mixture by evaporation under reduced pressure and the residue was treated by silica gel chromatography (CHCl 3 -AcOEt, 10 : 1). Compounds 3g (1.09 g, 2.63 mmol, 8%) and 4g (6.57 g, 23.47 mmol, 72%) were obtained by recrystallization from n-hexane and nhexane-ethyl acetate, respectively. (17.18 g, 98 .56 mmol) were dissolved in 35 ml of toluene and the solution was refluxed at 130°C for 4 h after addition of phosphomolybdic acid (1.00 g). The solvent was removed from the reaction mixture by evaporation under reduced pressure and the residue was treated by silica gel chromatography (CHCl 3 -AcOEt, 10 : 1). Compounds 3i (0.96 g, 2.18 mmol, 7%) and 4i (7.99 12) The modified method of Kiso et al. 16) was used. Microsomes were prepared from male Wistar rats weighing about 200 g. The rat liver was homogenized in cold 0.25 M sucrose and the homogenate was centrifuged at 4°C (8000ϫg, 30 min). The supernatant fraction was then collected and ultracentrifuged at 4°C (105000ϫg, 30 min). The pellet obtained was resuspended in 83.5 mM KCl 37.2 mM Tris-HCl buffer (pH 7.4) and stocked at Ϫ20°C until use. Protein concentration was determined by the method of Lowry et al. 22) The assay system (1 ml) consisted of 83.5 mM KCl 37.2 mM Tris-HCl buffer (pH 7.4), the test compound in 1% DMSO, 0.2 mM NADPH, 1 mM ADP, 1 mg protein/ml rat liver microsomes and 10 mM FeCl 3 . The reaction mixture was incubated at 37°C for 20 min, and then cooled on ice to terminate the reaction. Lipid peroxide was measured by the method of Ohkawa et al. 17) Thus, 8.1% SDS (0.2 ml), 20% AcOH (1.5 ml) and 0.8% TBA (1.5 ml) were added to the reaction mixture. The mixture was then boiled at 100°C for 20 min and the reaction was stopped by cooling on ice. Thereafter, n-BuOH-pyridine (15 : 1, 4 ml) was added and mixed vigorously. After centrifugation (780ϫg, 10 min), the organic layer was separated, and the absorbance was measured at 532 nm. The amount of TBA-positive material was expressed as the corresponding amount of malondialdehyde.
Measurement of DPPH Reducing Activity 19) The modified method of Nihro et al. 23) was used. The assay system (2 ml) consisted of 0.1 mM DPPH in ethanol and the test compound in 1% DMSO. The reaction mixture was left at room temperature for 3 min, and the absorbance was measured at 517 nm.
Measurement of RBL-1 Cell 5-Lipoxygenase Activity

24)
The modified method of Blackham et al. 20) was used. RBL-1 cells were grown in Roswell Park Memorial Institute (RPMI)-1640 medium containing 10% heat-inactivated newborn calf serum, 100 units/ml penicillin and 0.1 mg/ml streptomycin. Cells were cultured at 37°C in 5% CO 2 /air. Cells in the growth phase (5ϫ10 5 -10 6 cells/ml) were collected by centrifugation (100ϫg, 5 min) and suspended at 3ϫ10 7 cells/ml in 50 mM phosphate buffer (0.25 M sucrose, 1 mM EDTA, 2 mM glutathione, pH 7.4), then stored at Ϫ80°C until use. The assay system (0.5 ml) consisted of 50 mM phosphate buffer (0.25 M sucrose, 1 mM EDTA, 2 mM glutathione, pH 7.4), the test compound in 1% dimethyl sulfoxide (DMSO), 2 mM CaCl 2 , 0.2 mg/ml arachidonic acid (10 mg/ml MeOH soln; 10 ml) and 10 7 cells/ml RBL-1 cells of homogenate. The reaction mixture was incubated at 37°C for 3 min, and then 0.5 ml of MeOH was added to terminate the reaction. The mixture was centrifuged (2000ϫg, 15 min), 5-HETE in the supernatant was analyzed by HPLC (column; COSMOSIL 5C18-MS Waters 4.6ϫ150 mm (Nacalai Tesque, Inc.), mobile phase; CH 3 CN : 0.1% AcOH aq. (6 : 4), flow rate; 1 ml/min, temperature; r.t., absorbance; 235 nm).
